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Introduction
Collateral is a regular ingredient of risky lending. It serves to limit potential losses for lenders and serves as an incentive mechanism and commitment signal for borrowers. Because of these functions it plays an important role in loan markets. Accordingly collateral is part of many if not most (business) loan contracts in mature markets (Steijvers and Voordeckers, 2009 ). Due to opaque information and weak enforcement, theory suggests that the request for collateral is even higher in less developed markets (Bae and Goyal 2009 , Behr et al. 2011 , Hainz, 2003 , Menkhoff et al., 2006 . This high importance of collateral results into a problem for relatively poor borrowers in emerging markets: collateral requirements are expected to be particularly high but their ability to provide collateral is comparatively low. How do borrowers and lenders get along with this problem?
In principle, there may be two possibilities: first, collateral requirements are similar to requirements in mature markets so that poor households or entrepreneurs who lack adequate assets to pledge as collateral will be credit-rationed; second, conventional collateral is not necessary and lenders can issue some credit without collateral. In the latter case, the follow-up question is then how can a lender enforce a collateral-free loan, are there substitutes to collateral? Is it third party guarantees, pledged savings, other contractual features, close relationships or interpersonal trust that serve as collateral substitutes? As limited access to finance is constraining growth and welfare Demirgüç-Kunt, 2008, 2008a) it seems important to learn about possible credit rationing induced by missing collateral and ways to overcome the threatening lack of collateral.
Despite the obvious relevance of lacking collateral for a very large share of the population in emerging countries, there is not much evidence available. Earlier studies documenting the use of collateral concentrate on mature markets. Studies on developing countries, however, are often narrow in their coverage, either with respect to target group, financial institutions or their information about borrowers and lending terms. In order to provide comprehensive evidence we have conducted a household survey in Northeastern Thailand in 2007. This survey covers 2,186 rural households from which we receive information about household, demographic and in particular financial details; one should note that these households also operate as small entrepreneurs and that loans are accordingly used for production and consumption purposes, respectively. The three provinces of our sample are selected in order to differ in economic conditions. Moreover, Thailand's rural areas are served by a variety of financial institutions (see Kaboski and Townsend, 2005, Siamwalla et al., 1990) . All this provides welcome depth and diversity to our data set.
This data allows to empirically analyzing the above introduced "collateral puzzle" in emerging markets: first, we lay foundations by documenting the importance of collateral, second, we analyze the determinants of collateral including considering substitutes to collateral, and, third, we examine the use of the most important collateral substitutes.
Regarding the importance of collateral we find that only about 15% of the 1,671 loans in our sample are secured by various forms of collateral. Although there is some variation in crosssections, such as household groups or borrowing purposes, the share of collateralized loans is consistently small throughout and does not exceed 25%. Moreover, the share of creditconstrained households is low at 11%, strongly indicating that lenders rely on substitutes to collateral in enforcing their interests.
This empirical research is the first, according to best of our knowledge, to systematically consider several substitutes to collateral in order to fully understand the role of collateral in lending to poor borrowers in emerging markets. We do indeed find that collateral is significantly less often required if there is either a third party guarantee or a case of relationship lending. The use of collateral is also related to other loan terms where collateral obviously serves to reduce the lender's risk: more collateral is required for larger loans, for longer loan duration and for lower interest rates. As a third group of determinants we investigate household characteristics and possible default risk with little success. It is only better education that is related to less collateral requirements.
As the data set unusually covers two important collateral substitutes, i.e. guarantees and relationship lending, we are able to examine their use in the same market. We find that guarantees are relatively more important, that both substitutes work independently of each other and tend to substitute each other, that guarantees are relatively more important at formal financial institutions and that the marginal effect of these substitutes is independent of loan size. These findings extend recent literature emphasizing the importance of either guarantees or relationship lending in less developed markets as means to overcome information and incentive problems.
We are not aware that there is an earlier study on emerging markets where all these determinants of the use of collateral -including substitutes to the use of collateral -were considered within a unified approach. Closest in coverage is Ono and Uesugi (2009) for small firms in Japan where, however, collateral is very widely used and thus plays another role than in our case. Usually, studies rely on a subset of the following determinants: guarantees, relationship, loan term and borrower characteristics. Our study shows, however, that all of these groups of determinants are important in analyzing the use of collateral and thus should not be missed in empirical work.
The paper is organized in four more sections. Section 2 provides an overview of the theoretical and empirical literature which shapes expectations to be examined. Section 3 informs about the data used in this study and the characteristics of borrowers and lenders in the rural areas. In Section 4 we examine the use of collateral by descriptive statistics. The hypotheses on the determinants of collateral are tested by multivariate analyses in Section 5.
Section 6 concludes.
Literature review
Our literature review aims for preparing expectations on the use of collateral in lending in emerging markets. We are thus selective in coverage. Section 2.1 addresses theoretical literature in order to derive hypotheses of interest, whereas Section 2.2 deals with respective empirical work in order to identify gaps in research.
Theoretical literature
The use of collateral has been mostly explained by theories of asymmetric information which show that collateralization reduces ex ante problems of adverse selection and ex post frictions such as moral hazard. Collateralization thus serves as a means to reduce credit rationing (review in Berger et al. 2011a , 2011b , Coco, 2000 . First, it induces a borrower to reveal his or her default risk, acting as a signaling device (Bester, 1985, Besanko and Thakor, 1987) . Second, it provides the borrower with an incentive to exert effort and reveal truthfully the state of his project after having obtained the loan (Bester, 1987 (Bester, , 1994 . Both arguments apply above all to outside collateral, where the lender has right of access to personal assets outside the firm. 1 The potential loss of personal assets makes a signal more credible and improves the incentive to repay the loan. By contrast, inside collateral, where assets inside the firm are pledged as collateral, serves to reduce conflicts of interest between multiple lenders by providing a priority of debt claims. If the borrower lacks inside and outside collateral, loans may be secured by third party guarantees. They help to reduce the lender's potential loss, but 1 A personal guarantee represents a more general claim on personal wealth and places fewer restrictions on the guarantee's use of this wealth than the pledge of a specific personal asset (Avery et al. 1998 (Avery et al. , p.1026 .
do not solve the moral hazard problem. If the third party is better able to monitor and control the borrower's actions than the lender is, the use of third party guarantees has some economic advantage. Accordingly, these so-called borrower-based theories (Jiménez et al., 2009) predict that the use of collateral varies across loans according to the characteristics of borrowers, loans, and bank-borrower relationships, which affect information asymmetries between both parties about the credit risk of the loan.
Further theories on the use of collateral reach beyond our objective. First, lender-based theories postulate that collateral serves to increase the lender's profit or expected return (Binswanger, 1982) . Profits may increase due to a bank's market power (Hainz, 2003) or due to its information advantage over distant lenders in evaluating credit risk (Inderst and Mueller, 2007 ). As we do not observe local banking market structures, we do not directly test lenderbased theories. Second, there are theories predicting the use of collateral due to legal variables and the efficiency of the legal system (La Porta et al., 1998) . These theories require crosscountry data and are thus also beyond our objective. Third, following the lazy bank hypothesis (Manove et al., 2001) , high collateralization weakens the bank's incentive to evaluate the profitability of an investment project. Testing this theory requires time-series data which we do not have.
Collateral may be substituted by other mechanisms to reduce credit risk and informational asymmetry, such as strength of the lending relationship, loan maturity, loan size and covenants. The role of relationship strength in reducing problems of asymmetric information has been extensively discussed in the literature (for an overview see Boot, 2000) .
The more recent discussion focuses on differences between relationship lending and assetbased lending as two alternative lending technologies Udell, 2006, Egli et al., 2006) . Relationship lending relies on soft or private information about borrower risk obtained through a close bank-borrower relationship and involves the use of outside collateral. In contrast, asset-based lending, being more transactions oriented relies on hard or public information and uses the assets inside the firm as collateral (Brick and Palia, 2009 ).
Relationship lending dominates in economies where the likelihood of strategic default is high because of an underdeveloped financial system with low transparency and weak legal enforcement (Egli et al., 2006) .
As exactly this applies to emerging markets, one expects that relationship lending with its preferred reliance on outside collateral is wide-spread. It follows that the discussion based on different consequences derived from the use of inside collateral (see Longhofer and Santos, 2000) versus outside collateral (see Boot and Thakor, 1994 ) is less relevant for our case.
Potentially very relevant for the situation of an emerging country is, however, the proprietary information gained by the relationship lender. This information increases its ex post bargaining power to the detriment of the borrower (Sharpe, 1990 , Rajan, 1992 . Because the borrower is locked-in, collateral requirements may be positively related to the intensity of the lending relationship. Thus, collateral is the result of holdup. At the same time, it causes holdup: since an asset can be pledged only once, and is costly to evaluate, switching to other banks would involve high costs.
Among loan terns, charging a higher interest rate is a standard measure to prepare against default risk. Loan duration is a means to reduce asymmetric information problems.
Shorter loan durations provide additional information and reduce the moral hazard problem.
The shorter the loan duration the lower is the opportunity and incentive for the borrower to switch from low-risk to high-risk projects (so-called asset substitution problem). Short-term loans may also reduce the adverse selection problem by serving as signaling instruments.
Thus, short-term loans and collateral are substitutes and loan duration is expected to be positively related to the use of collateral (Ortíz and Penas, 2008, Steijvers and Voordeckers, 2009 ).
Similarly, moral hazard can be reduced by reducing the loan volume, since a larger loan amount tends to increase the incentive for default. Larger loans tend to be riskier than smaller loans, since they increase firm leverage and thus default probability (Steijvers and Voordeckers, 2009 ). Moreover, the contracting costs of collateralization may be too high for small loans. Therefore, the use of collateral is expected to increase with loan size.
Restrictive covenants are a further contractual device to reduce moral hazard and adverse selection and may therefore be a substitute to collateral (for an overview see Steijvers and Voordeckers, 2009) . For a mature market it has been shown that small business loans with real estate collateral less frequently contain covenants, but that smaller and manager-controlled firms are less likely to have covenants in their loans (Niskanen and Niskanen 2004) .
Restrictive covenants are less useful for the smallest firms as these borrowers do not have audited financial statements or do not provide feasible financial information (Ortíz and Penas, 2008, Niskanen and Niskanen, 2004) . In emerging markets with weak contract enforcement covenants are expected to be less efficient. This may explain why they are not present in our sample of loans to very small businesses in Thailand.
As borrower characteristics affecting the use of collateral most of the literature has discussed size, age and legal form of the firm. Small and young firms tend be more opaque than larger and older firms, because potential lenders have less information on their investment opportunities or managerial capabilities. Credit risk tends to be higher in corporations than in unincorporated firms, which makes outside collateral particularly necessary there. In our case, these firm characteristics are not relevant. As our dataset covers information about loans to households, which are mostly used for productive purposes, borrower risk may depend on demographic and socio-economic characteristics, such as age, gender, education and wealth of the household head or self-employed person. If, however, the production loans to households are interpreted as loans to unincorporated firms, the borrowing purpose may be relevant to explain the low incidence of collateral. Since in the case of selfemployed persons, personal assets can be used for business as well as private purposes, the distinction between inside and outside collateral may not be useful here (Neuberger and Räthke, 2009 ). In fact, personal assets of small business owners are often pledged as collateral.
Additionally, the owners of small businesses may have their personal wealth at stake to repay loans, because they are organized as proprietorships and partnerships with unlimited liability (Berger and Udell, 1998) . This is likely to apply to our case of self-employed Thai households.
Finally, the use of collateral may depend on the type of loan sought. Loans with nonspecific use such as credit lines or consumption loans are riskier and therefore may be more often secured by personal commitments and require more soft information than is the case of specific investments in machinery (Avery et al., 1998, Chakraborty and Hu, 2006) . In countries with weak protection of property rights, lenders tend to prefer loans for specific purposes such as investments in physical assets (Bae and Goyal, 2009 ). This might explain why the production loans in our sample do not include lines of credit.
In summary, borrower-based theories on the use of collateral predict that borrower characteristics, loan terms and relationship will play a role. In the case of household loans, borrower characteristics affecting credit risk and information opacity are determined by demographic and socio-economic household variables. Loan terms should have the above derived effects. Regarding relationship or guarantees we expect some empirical relevance as the costs of evaluating and utilizing inside collateral may be prohibitively high in the case of very small loans in not fully developed markets.
Empirical literature
The empirical literature is largely in line with theoretical predictions (overview in Berger et al., 2011a , 2011b , Steijvers and Voordeckers, 2009 , see also Degryse et al., 2009 ). Most studies find that observed borrower risk positively affects collateralization, and that the incidence and degree of collateral tends to be highest for young and small firms. These findings support the risk reduction and monitoring role of collateral. Evidence in favor of the signaling role of collateral is less clear, because studies that find a negative relationship between borrower risk and collateral (Jiménez et al., 2006, Lehmann and Neuberger, 2001 ) do not isolate effects of ex ante private information from ex post incentive problems (Berger et al., 2011a (Berger et al., , 2011b . Recent studies that differentiate between private and public information
show that the use of credit scoring technology by lenders, reducing ex ante private information, reduces the incidence of collateral (Berger et al., 2011a) , but that the ex ante private information theories seem to hold only for customers with relatively short relations to the lender (Berger et al. 2011b) . The results about the relation between collateral and strength of the lending relationship are mixed; in the Japanese market for small firm lending, for example, collateral is used by related banks as an incentive for monitoring effort and thus is an alternative to guarantees (Ono and Uesugi, 2009 ). All studies that included loan duration found a positive influence on the use of collateral (Steijvers and Voordeckers, 2009) .
The majority of studies focuses on mature US and European markets, while the evidence about the role of collateral in emerging and less developed markets is scarce. In transition countries, collateral plays a larger role than in developed ones, which might be explained by higher information asymmetries, a lower liquidation payoff, or lower banking market competition (Hainz, 2003) . Interestingly, small firms in transition countries are less likely to pledge collateral than medium-sized firms. The important role for collateral is supported by La Porta et al. (2003) for Mexico, Menkhoff et al. (2006) for Thai commercial banks and Allen et al. (2005) for private sector loans in China. As a side-aspect Thai banks' customers are likely to be locked-in as housebanks demand extra collateral. The high collateral requirements in China do not seem to restrain growth of the private sector, because firms use alternative financing mechanisms relying strongly on reputation and relationships (Allen et al. 2005 ). Lin (2011) finds a limited role of collateral in overcoming asymmetric information in China due to weakly protected creditor rights. Recently, Liberti and Mian (2010) show for a cross section of small business loans in 15 emerging countries that the cost of collateral in terms of the collateral amount and the specificity of assets pledged as collateral decline sharply with financial development. In more developed markets, firms may pledge a broader range of firmspecific assets as collateral (e.g. inventory instead of non-firm specific land), because better legal and creditor rights protection enables banks to seize and liquidate specialized forms of assets more efficiently.
All previously mentioned studies refer to business loans. Complementing this literature there are studies about microfinance institutions in developing countries, thus covering very small enterprises and households, i.e. an institutional environment close to our study (Conning and Udry, 2007, Hermes and Lensink, 2007) . It is revealing that most of these studies do not focus on collateral but rather on other means, in particular guarantees, to make loans enforceable (e.g. Besley and Coate, 1995, Fafchamps and Lund, 2003) . Guarantees are embedded in the lending process in various forms, such as group lending where all group members serve as guarantors or cosigned lending where the specific cosigners serve as guarantors (Bond and Rai, 2008) . Guarantees do not only shield the lender but they may also impact the behavior of the borrower (Klonner and Rai, 2010) . Only for commercial microlending in Mozambique, it has been shown that collateral is relevant and is a substitute to relationships: the microlenders pass on informational gains to the borrowers via lower collateral requirements for successive loans, from which the most opaque firms profit most (Behr et al. 2011 ).
We learn from the empirical literature regarding the importance of collateral that there are two counterbalancing effects: collateral requirements are relatively higher in emerging than in mature markets but they may be very low for small firms and households because of an outright lack of useable collateral. Regarding collateral determinants, we learn that other means of enforcement (than collateral) are expected to be important and thus need to be considered; in addition loan terns may play a role.
3
Data and description of borrowers and lenders
Data compilation
The data used in this analysis is based on a household survey conducted in 2007 in three provinces in the Northeast region of Thailand. The survey is part of the project "Impact of shocks on the vulnerability to poverty: consequences for development of emerging Southeast
Asian economies" (FOR 756), funded by the German Research Foundation (DFG). The
Northeast region is particularly interesting for our study because it is often considered the poorest region with limited access to formal financial markets and with various types of informal lenders operating in this area.
A three stage sampling design was used to select the households. Within each of the three provinces, sub-districts were first randomly selected with probability proportional to population density. Then within each sub-district, two villages were chosen at random.
Finally, within each village, 10 households are randomly selected. In total, the survey covers There seems to be little difference between the income groups with respect to household demographic characteristics. The average family size is 3.98 persons or 2.83 in adult equivalent units 3 . The level of educational attainment for these households is low, as the average year of schooling for the head of household is only 5 years. However the proportion of households with more than secondary education is higher in the high-income group. The majority of households are farmers in all income groups. Nevertheless formal employment and non-farm self-employment are more important in the high-income group.
Description of borrowers
Households with different income levels tend to differ with regard to wealth variables.
Whereas differences between the low-income and the middle-income group are in general not large, the high-income group, by contrast, differs significantly in income, consumption and assets. In particular, land ownership, consumption expenditures and assets are almost twice as much for this group as for the other two groups. It seems interesting to note that even low income households possess a remarkable stock of assets which may be important as a source for collateral. However, the numbers grossly overestimate the usefulness of these assets for the purpose of collateral: first, the average figures are higher than median, which is about one third lower. Second, about 70% of assets consist of land and buildings which are not easily marketable. Many landholding documents fall into the categories of so-called "Sor Por Kor"
and "NS2" which cannot be sold to lenders. If land can be sold legally, it may be difficult to do so because the legal system works slowly and even if lenders gain land rights it may be 2 A household is classified as low-income if the annual household income per adult equivalent unit falls below the Northeast poverty line, which is 15,792 Baht/person or equivalently 1,316 Baht/person per month. A household is classified as middle-income if income is above the poverty line but below twice the poverty line, and as high-income if income is above twice the poverty line. 3 We use the OECD adult equivalence scale which assigns the weight of 1.0 for the first adult member, 0.7 to each additional adult, and 0.5 to each child.
difficult to use them effectively as long as the borrowers are still in place. Third, marketability of durable goods is very low as these goods are typically used items. Overall, the existence of assets does not ensure a solid basis for useful collateral.
Regarding household borrowings, the data reveals that these households exhibit a high degree of borrowing, as more than 70 percent of the households have taken some loans during the reference period. Moreover having multiple loans contracted by one household is not uncommon, as the average number of loans per household is about 1.5 loans. Significant differences also occur between the income groups with respect to household borrowing.
Whereas there are no big differences in the number of loans between the three groups, the amount of loans differs significantly. The high-income households borrow almost twice as much as the low and middle income households, suggesting that the high-income households can obtain loans with larger size than the low and middle-income households. When we consider loan amount relative to household income, we find that the low-income households have the largest loan-income ratio, and that the loan-income ratio tends to decrease with household income. As for the interest rate, the low income households pay a much higher interest rate as compared to the middle and high-income households. The incidences of credit rationing 4 and loan default are low for the three types of households and are not statistically different. However, poorer households are more likely to face credit denials.
In summary, we find that a large number of rural households have access to the credit markets and that the poor are not statistically different from the rich in terms of credit rationing. Both observations seem to be inconsistent with the expectation that the poor who lack adequate assets will be credit rationed. Later, we shall find that the large quantity of loans is provided without land or any tangible assets as collateral, because there are substitutes.
Description of lenders
This section gives a brief overview of the financial institutions that operate in the rural area. The credit market in Thailand is characterized by a diverse set of lenders; some are formal, some are informal and some are considered in between. These lenders have characteristics that are distinct from one another. Instead of dividing these lenders into two major categories -the formal and informal sectors, we group these different lenders into seven categories which are described next. Ranked in descending order of formality, the first is The variation in loan characteristics across lenders is remarkable. The formal financial institutions (CB and BAAC) provide larger loans whereas the more informal institutions 5 The student loan fund and the poverty eradication scheme are treated as separate lending institution as these programs are quite distinct from other institutions in terms of the target groups, the usage of the loan, and the interest rate charged. The two programs provide 0-1% interest rate loans to households with income below 15,000 Baht/person/year (approximately US$ 375/person/year). For the poverty eradication scheme, not all households and villages are eligible for the fund. Only low-income households (below 15,000 Baht/person/year) living in villages with the proportion of low-income households higher than 30% are eligible. With regard to the use of loan, the student loan fund provides loans for education only while the poverty eradication scheme gives loans for production purpose. They are managed by government offices which also assess eligibility, approve and monitor the loan.
provide loans with smaller size. Among informal lenders, ML provides relatively larger loans than the others. CB, POLICY and BAAC tend to provide loans with longer duration than the others. There are great variations in interest rates within lending institutions and between lending institutions. Nevertheless some patterns can be derived. The groups of lending institutions that typically charge low interest rates are POLICY, RELA and VF. We note that while the average interest rate for RELA is higher than for VF, nearly 70 percent of these loans are given at zero interest. BAAC and CRED are also relatively "cheap" but more expensive than VF, whereas CB and ML charge comparatively high interest rates.
All these lending institutions seem to have their own market niche with respect to the purpose of borrowing. The more formal lending institutions lend disproportionately for production whereas the more informal ones lend more for consumption loans. Interestingly, ML and RELA seem to be used for shock-related borrowing 6 more than other lending institutions.
The lending institutions are also likely to differ with respect to their lending technologies. We expect that the more formal lending institutions use more asset-based lending with hard information, while the informal ones, being closer to their customers, rely on relationship lending with soft information. Whether this can be seen in different collateral requirements will be examined below.
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The use of collateral: descriptive statistics
The incidence and degree of collateral: aggregated view
In our sample, the incidence of collateral is surprisingly low, while the degree of collateral is high. Only 15% of loans are secured by collateral, but the mean collateral value is clearly above 100% of the loan volume. The degree of collateralization is much higher than that observed for business loans in previous studies (for an overview see Menkhoff et al., 2006) . In a sample of loans to small, medium and large firms in Thailand the mean collateral value as percentage of loan volume was 53%, in a sample of loans to large private firms in
China it was 83% (Allen et al., 2005) , and in a sample of loans to SMEs in 15 emerging economies it was 54% (Liberti and Mian, 2010) . However, collateral values much above 100% of the loan volume have been reported also by small firms in the UK with 16 employees as median number (Cowling, 1999) . Thus, the high collateral volume in our sample may be explained by the small size of the borrowing household-enterprises rather than by the 6 Shock-related borrowings are loans that are taken to absorb income shocks caused by e.g. unplanned higher household expenditures, retirement, bad year for household's business, higher input prices or investment costs, lower crop prices, bad weather, or illness.
environment of an emerging market. However, a comparison of reported collateral values may be biased because some samples are based on bank-internal data (e.g. Liberti and Mian, 2010, Menkhoff et al., 2006) , while others (e.g. Cowling, 1999 and the present sample) are based on a survey of borrowers. The liquidation value of collateral is usually lower for the bank than for the borrower.
In the present sample, the dominating form of securing loans is third-party personal guarantees, which are pledged in 71% of the loan cases. Thus, although loans to rural households in Thailand are rarely collateralized by tangible assets, they are unsecured in only 14% of the cases. To examine whether this differs from the incidence of collateral and guarantees observed in other countries, we need data about collateral and guarantees for comparable loans to households or microenterprises. However, these are largely missing. To our knowledge, the only publicly available dataset that indicates whether and how each small business loan is secured by collateral or guarantees is the US National Survey of Small Business Finance (NSSBF). It is not well suited for our purpose, because it includes only nonagricultural firms with fewer than 500 employees and tends to underrepresent smaller and unincorporated firms (Avery et al., 1998) . However, the US Survey of Consumer Finances (SCF), which includes information on businesses owned by households and underrepresents larger firms cannot be used for comparison with our data, because information on collateralized loans is provided only for the firm or household as a whole and not for individual loans. Therefore, we use information from previous studies based on the NSSBF survey and other surveys about the incidence of collateral and guarantees at loans to unincorporated firms, microenterprises, small firms and consumers. Table 3 represents the results compared with those of the present sample. We find that the incidence of collateral is lower, but the probability of pledging personal guarantees is clearly higher for households in Thailand than for micro or small enterprises in mature markets. This seems to be due to a lack of collateral assets or lower costs of using personal guarantees instead.
All in all, we do not find support for the hypothesis that the incidence and degree of collateral is higher for loans to households in Thailand than for loans to micro and small enterprises in mature markets. To find out possible explanations, we take a disaggregated view.
The use of collateral: disaggregated views
The use of collateral may depend on the source of loan, household wealth, borrowing purpose and interest rate or other loan terms. We describe the use of collateral by different lending institutions, income groups, borrowing purposes and terms of credit contracts in order to draw some inferences about their relationships.
(a) Collateral by lending institution
The types of assets that are commonly accepted as collateral are land, durable goods, savings, future crop, and gold. We classify the types of collateral into three groups: land, other assets and no collateral. Finally we find that the ratio of the value of collateral to loan size is very high overall.
On average, the value of collateral is more than twice the value of loan. The proportion of more than fully collateralized loans is in the range of 50 percent to 100 percent. The high collateral ratio may have resulted from the low marketability of collateral, the difference between the lender and the borrower valuation of collateral, the restrictive collateral requirements by lenders, and the indivisibility in collateral.
(b)
Collateral by income of household Table 5 describes the types of collateral for different income groups. Collateral requirements overall show a small variation across income groups, much less than they did across lending institutions. There are no dramatic differences between the income groups with respect to the types of collateral and the collateral to loan ratio. This is partly due to the fact that many households have multiple loans from multiple sources at the same time. In our data, we find that several high-income households borrow from the informal lenders like CRED, ML and RELA. Nevertheless we note that the proportion of loans without any collateral is slightly higher for the low and the middle-income households compared with the high-income households. This is quite consistent with the finding that the poor pay higher interest rates than the rich. In other words, the poor do not have adequate assets to pledge as collateral; having no collateral security, the lender charges high rates on these loans to increase his interest income as a buffer against defaults.
(c) Collateral by borrowing purpose
We classify borrowing purposes into three main categories: agricultural production, nonagricultural production and consumption. Almost 60% of the sample consists in production loans, which are used for specific purposes of investments in physical assets, in contrast to consumption loans. Panel A of Table 6 also documents another split of all production loans in that we differentiate into conventional investment loans and loans for input expenses.
However, investment loans dominate the sample and the loans for input expenses are only slightly different regarding their characteristics. Their volume is a bit smaller, duration shorter and the interest rate higher, as it might be expected ex ante. Due to these minor differences we refer in the following more on the distinction between agricultural and non-agricultural loans.
Panel B of Table 6 shows the collateral requirements for different borrowing purposes.
We first note that an equal number of loans are given for agricultural production and consumption whereas non-agricultural production loans account for 16 percent of total loans.
Across all borrowing purposes, we see that a large share of loans is provided without tangible collateral. We also find that production loans are more likely to require land collateral, while consumption loans are less likely to require any collateral. This may be because production loans are larger and have a longer duration than consumption loans, so that the expected benefits cover the costs of pledging collateral. However the collateral to loan amount ratio is, on average, higher for consumption loans than production loans. This is in line with our expectation that loans with non-specific purposes have to be secured with more collateral because they are riskier. Other patterns are observed for shock-related borrowings and normal borrowings; shock-related borrowings are more likely to require any collateral, especially in the form of other assets, probably because borrowers who urgently need a loan represent more risky borrowers. Interestingly we find that the ratio of collateral to loan values is slightly lower for shock-related borrowings. A possible explanation is that collateral is substituted by or complemented with personal guarantees. Table 7 shows the average term of credit contracts secured by different types of collateral. There seems to be a relationship between the types of collateral and loan terms. We find that conventional collateral is related to larger loan size, longer duration, and higher interest rate. Note that the relation of collateral with high interest rate is influenced by the fact that the policy induced low-interest rate loans of VF and POLICY are extended basically without demanding collateral (see Tables 2, 4 ). With the exception of collateral-free loans, we find an inverse relationship between the marketability of collateral and interest rates.
(d) Collateral and loan terms
According to Table 7 , the interest rates are lower on loans secured by land, the most marketable collateral, and higher on loans secured by asset substitutes. We also look at loan requirements, in particular, whether the borrower is a member of the lending institution and whether a third party guarantee is required to get a loan. We find that the proportion of members and third party guarantees are higher for collateral-free loans than for loans backed by land or asset substitutes. This may indicate that guarantees and close bank-borrower relationships are substitutes to collateral.
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The use of collateral: regressions
Baseline results
In this section, we analyze which factors affect lenders' decisions to give loans without any tangible collateral. We use the probit model to explain the incidence of collateral.
In our baseline regressions, we exclude loans from the lending institutions VF and POLICY from our analysis because the collateral policies of these institutions are institutionally fixed, i.e. loans are secured by third party guarantees. Alternatively we also exclude loans from two more lending institutions: CB, since the share of CB in rural credit is very small, and RELA, since relatives may provide loans based on altruism or trust but not based on economic lending criteria.
The analysis is performed at the loan level because we observe several households borrowing multiple loans with varying loan terms from different sources. We account for the sampling design in our analysis to get the precise estimates. Thus we incorporate the effect of stratification, clustering and sampling weights when computing the variance, standard error, and confidence intervals.
In all regressions, we control for loan term variables, household characteristics, default risk and borrower-lender relationship. Loan term variables comprise loan size, duration, interest rate, borrowing purpose, and whether a third party guarantee is required to obtain a loan.
Household characteristics include the gender of the household head, the age of the household head, number of household members (measured in terms of adult equivalence units), years of education of the household head, household annual income (measured per number of adult equivalence), and the amount of savings in the corresponding lending institution.
Default risk is proxied by the value of loan defaults to total outstanding loans and the value of late repayments to total loans. We proxy the borrower-lender relationship by three variables: whether the borrower is a member of the lending institution ('membership status'),
whether the borrower has previously borrowed from the lender, and the number of lenders a borrower engages with to capture the exclusivity of the relationship. Finally a set of lender dummies is also included.
Results for the probit estimations are reported in Table 8 . Column (1) of the table displays the results for the whole sample (CB, BAAC, CRED, ML, RELA); column (2) for the sample of loans from BAAC, CRED, ML and RELA; column (3) for the sample of loans from BAAC, CRED and ML; and column (4) for the sample from CB and ML.
Our regressions display interesting results with respect to the terms of credit contracts.
Loan size and loan duration are positively related to both the incidence and the degree of collateral. This finding is consistent with previous studies (e.g. Van Cayseele, 2000, Voordeckers and Steijvers, 2006) . Thus, the use of collateral in loans to Thai households may be low, because the loans are of small size and short duration.
We find that the provision of collateral is negatively related to the interest rate, that is conventional collateral is required for a loan with a low interest rate. This finding is consistent with the function of collateral in increasing the lender's expected return (Binswanger, 1982) .
Most of the previous studies do not include the loan rate as independent variable in estimations of collateral, because it is assumed to be endogenous. Studies that take into account the jointness of interest rate and collateral decisions by simultaneous equation models find that collateral has a significant positive effect on the interest rate, but that the interest rate does not have any significant effect on the probability of collateral (Brick and Palia, 2007, Steijvers and Voordeckers, 2009 ).
Production loans are more likely to require collateral than consumption loans, which cannot only be explained by larger size or duration. Other explanations are that production loans involve higher uncertainty of repayment, or that the assets used as collateral are inputs in the production process, serving as inside collateral to provide priority of debt claims.
Our main interest is in the coefficient of the third party guarantee. The effect is significantly negative at the 1 percent level, suggesting that a loan guarantee acts as a collateral substitute and allows a lender to enforce collateral-free loans.
We do not find a significant effect of savings on the use of collateral. Thus, savings do not act as a collateral substitute due to unlimited liability of self-employed households. A possible explanation is that some lending institutions do not accept savings (only ML, RELA and POLICY).
In general, the borrower-lender relationship appears to be negatively related to the use of collateral. A very important element seems to be whether a borrower has ever borrowed from a lender. Having previously borrowed from a lender reduces the informational opaqueness and therefore the likelihood of pledging collateral; the coefficient is not significant for We find considerable differences between lenders with respect to their collateral requirements. As expected, CRED, ML and RELA are more likely to give loans without any collateral than BAAC. This is inconsistent with the lender-based theory of collateral (Inderst and Mueller, 2007) 9 , but in line with the hypothesis that the informal lenders have informational advantages over the formal lenders by closer relationships and therefore do not need collateral as a substitute. Testing for equality of coefficients on these dummies, we find that RELA is most likely to offer collateral-free loans, followed by ML, CRED and CB.
Surprisingly our results show that CB requires less collateral than BAAC. This result is possibly driven by some special policy loans which are disbursed via those state banks which are included in CB. These policy loans usually require no land or asset substitutes as collateral.
The use of substitutes to collateral
The limited role of collateral in rural lending motivates to examine potential substitutes,
i.e. in particular third party guarantees and relationship lending, in their relation to collateral in more detail. The following analyses are based on the probit regression results using all loans from CB, BAAC, CRED, ML, RELA (Column (1) of Table 8 .)
First, we examine whether and to which degree both third-party guarantee and relationship lending, proxied by the incidence that the borrower is a previous customer of the lender, influence the requirement of collateral. Table 9 shows that both, guarantees and relationship lending, significantly reduce collateral needs. Clearly, third-party guarantees play a more important role than relationship lending. Holding other variables at their sample means (average household with average loan contract), the use of third-party guarantees decreases the probability of requiring collateral by a factor of 0.54-0.57, while relationship lending decreases the probability by only 0.07-0.10. Moreover, Table 9 shows that the effect of thirdparty guarantees on reducing the collateral incidence differs according to the presence of relationship lending, and vice versa. The effect of relationship lending on reducing the provision of collateral is higher when a third-party guarantee is not used. This is in line with our expectation that the effect of relationship lending will be even stronger when a third-party guarantee is not present and vice versa (they substitute each other; related see also Behr et al., 2010 ).
Next we examine the importance of third-party guarantees and the borrower-lender relationship for different lenders (see also Table 9 ). First we still find that all types of lenders put more weight on the presence of a third-party guarantee rather than relationship lending.
9 Evidence consistent with this theory has been found by Jiménez et al. (2009) for Spanish banks.
For all lenders, the use of a third-party guarantee reduces the probability of providing collateral by almost five times the effect of relationship lending. The exception is RELA, where the effect of a third-party guarantee is equally important as relationship lending.
Second, the third-party guarantee has the strongest impact when loans are taken from the formal lenders, and the impact decreases with informal loans. For instance, the third-party guarantee reduces the probability of requiring collateral by a factor of 0.5 for loans from CB and BAAC, but only by 0.06 for loans from RELA. Third, with regard to the substitution effect between third-party guarantees and relationship lending, we find that the effect of relationship lending is stronger when a third-party guarantee is not present, except for BAAC.
For BAAC, the substitution between third-party guarantees and relationship lending is weaker, possibly because both substitutes are already in intensive use at BAAC compared to the other lenders in our sample.
Lastly we show in Figure 1 the marginal probability effects of third-party guarantee and relationship lending on the incidence of collateral by loan size. This shows whether the substitution effects differ according to other circumstances, where these other conditions are captured here by the size of the loan. We expect that the effect of relationship lending may decrease with loan size as a larger loan implies that the lender would bear more loss if the loan default occurs. For third-party guarantee, we expect that the effect would be constant as the risk to the lender is transferred to the guarantor. Somewhat contrary to these expectations, we find that the effects of relationship lending and third-party guarantees are both quite constant and do not depend on the size of the loan. Obviously, relationship lending reduces collateral requirement in general, independently of loan size, so that the particular risk of a larger loan size may be addressed by other measures. Alternatively, our imperfect proxy for relationship lending may be responsible for this finding.
Overall, we make the following contributions about the use of collateral substitutes:
• We find for our sample that a third-party guarantee is more important than relationship lending.
• Both substitutes help reducing the need for collateral independently of each other.
• The third-party guarantee plays a more important role for formal lenders and thus, implicitly, relationship lending is relatively more important for informal lenders.
• The marginal effects of the two considered substitutes on the probability of collateral provision do not depend on loan size.
Robustness tests
This section tackles several possible concerns with the baseline results. First, we experiment with a further disaggregation of collateral into land and other assets. The respective multinomial probit model explains the choice between land as collateral, the use of other assets as collateral and no collateral (Table 10) . 10 Results are qualitatively unchanged compared to the baseline regression shown in Table 8 . In a similar vein, we have explored further variations in the set of determinants in our baseline regressions, including the consideration of additional variables such as number of children or ratio of loans to assets, without interesting changes (results available on request).
The second robustness test concerns the possible endogeneity problem. There may be an endogeneity problem as collateral pledging, interest rate charged on a loan, loan size and maturity may be jointly and endogenously determined, which may bias our results. To take into account the possible endogeneity of several loan contract features, one needs to use the simultaneous equation approach with well-identified instrumental variables. However it is difficult to find such instruments that would not be related to collateral pledging. Alternatively we check the robustness of our results by estimating the reduced form equations and comparing the results when loan rate, loan size and duration are taken into and out of each regression. Results reported in Table 11 show that the parameter estimates do not differ significantly between these models, which suggest that endogeneity is not important 11 .
As a related aspect of possibly distorted regressions, we pick up the concern that our sample may be distorted due to a selection bias as loan granting does not result from a random process. In order to account for this we apply a standard Heckman correction procedure, where the selection equation is a loan approval equation:
prob(y i = 1) = ax1 i + bz1 i + e i where y i = 1 if loan i is approved and 0 if loan i is rejected x1 i = loan i's variables including amount of loan applied, purpose of borrowing, type of lender to which a loan application is submitted
The main equation of interest is the incidence of collateral:
prob(w j = 1) = ax2 j + bz2 j + e j 10 Results are qualitatively unchanged if we use an ordered probit model, where we use "assets as collateral" as the medium category due to its lower degree of marketability compared to land as collateral (result available on request). 11 Table 10 -12 only report the robustness test using all loans from CB, BAAC, CRED, ML and RELA. Similar robustness tests are undertaken when excluding loans from CB and RELA and when estimating by ordered probit model but are not reported here. In summary, parameter estimates do not differ significantly when dropping the possible endogenous variables from the regressions.
where w j = 1 if collateral is pledged for loan j
The selection equation provides some reasonable information about loan approval, such as a preference for production over consumption loans or a lower approval probability if late repayments have occurred (see Appendix). However, the main equation is virtually unaffected, indicating that the selection effect is not very important regarding the use of collateral.
Third, we evaluate the robustness of our results with respect to the types of loans.
Results from the baseline regression show that production loans are more likely to require collateral than consumption loans. We are interested in testing whether the effects of other variables remain unchanged when we split the sample into production and consumption loans, or whether the main results are largely driven by a particular type of loan. Table 12 In another effort to challenge the homogeneity of production loans we split this group of 971 loans into 790 "investments", i.e. loans for business investments, agricultural investments or investments into housing or land, and into 181 "expenses", i.e. loans for the purpose of buying other inputs for the production process. The rationale behind this split is the idea that loans for expenses may be closer to lines-of-credit loans where relationship lending may play a relatively larger role (Chakraborty and Hu, 2006) . The result in columns (2) and (3) indicates that this hypothesis is not supported by our data, possibly because we do not really observe lines-of-credit loans. We note that the variable "loan duration" becomes insignificant for "expenses" loans, probably because by far most of these loans support agricultural expenses which are needed for one year with little variation.
Fourth, we test the robustness of results with regard to subgroups of borrowers, each defined by specific characteristics. In particular, we distinguish according to loan size and household income. Regarding loan size, we split the sample into small and large loans at a loan size of 50,000 Baht, i.e. the value of loan size at the 75 th percentile. Table 13 shows that the results for small loans are very similar to the results for the total sample (see Table 8 ),
which is expected as small loans dominate the total sample. Results for large loans become somewhat weaker regarding the loan terms where the variables "loan size" and "loan interest rate" turn insignificant. This may be due to much less variation in variables among the group of large loans.
Regarding the household income, we rely on the classification of three income groups introduced above (see Table 5 ). Again, the rough structure of the three regressions presented in Table 14 follows the baseline regression (see Table 8 ). Due to the smaller sample sizes, tentatively fewer coefficients are statistically significant, and in some cases "new" variables may turn significant. However, we never get contradictory results.
Our final robustness test concerns the consideration of possible interaction effects between the different tools that may be used as collateral substitutes and the creditworthiness of the borrower. Inconsistency in empirical results on collateral may be originated from not incorporating these interaction effects into the estimation (Steijvers and Voordeckers, 2009 ).
For example, relationship duration may reduce the likelihood of collateral pledging for low credit quality borrowers but have no significant impact for higher credit quality borrowers. To test the robustness of our main findings, we add the interaction terms between the different collateral substitutes and the creditworthiness of the borrower. We proxy for the credit risk of a borrower using the variable DEFAULT, which takes the value of one if a borrower ever had defaulted on a loan, and zero otherwise. Results reported in Table 15 indicate that the interaction terms are not significant and that the effects of the critical variables do not change after incorporating the interaction terms.
Conclusions
This paper examines the use of collateral in lending to relatively poor households in emerging countries, i.e. this research targets at a large fraction of world-wide population.
Collateral is an important instrument for lending institutions. In general, collateral limits potential losses to the lenders in case of loan defaults and reduces borrowers' incentives to default. Due to opaque information and weak enforcement, theory suggests that the incidence of collateral is even higher in developing markets. This high importance of collateral results into a problem for poor households in developing countries: collateral requirements are expected to be particularly high for this group but their ability to provide collateral is comparatively low. How do borrowers and lenders deal with this collateral puzzle?
Our empirical examination yields three main findings. First, in describing the use of collateral, we find that conventional collateral is indeed rarely used and that most loans to poor households do not include any tangible assets as collateral. Remarkably, the lack of assets (which could serve as collateral) does not seem to exclude the poor from credit access, because they do not have a higher probability of credit rationing than the rich. Thus, the puzzle is "solved" by creating other means of credit enforcement than by relying on collateral, i.e. by collateral substitutes. In principle, the substitution mechanisms may also work in advanced markets.
Our second main finding reveals determinants of the use of collateral: lenders can enforce collateral-free loans through third party guarantees and relationship lending. In particular, third-party guarantees and repeated borrowing from the same lender significantly reduce the pledging of collateral. Moreover, reducing loan size and duration and increasing the interest rate also substitute collateral. Our results do not show a significant impact of the borrower's wealth, savings and default risk on the use of collateral.
The dominant means of loan enforcement are reliance on guarantees and relationship lending which both substitute collateral in emerging markets' lending. In our sample, guarantees are relatively more important than relationship lending, both substitutes work independently of each other and thus tend to substitute each other. Moreover, third-party guarantees are relatively more important at formal financial institutions that lend at arm's length, and the marginal effect of these substitutes is independent of loan size.
These results show the benefits of collateral and its substitutes for more favorable loan terms and for an easier access to finance. Although our data stem from a particular emerging market, the substitution process at work may well apply to other markets too. For example, whenever the ownership of land is not easily transferable as is the case in rural Thailand, there emerges a lack of conventional collateral and substitutes become particularly urgent. From a policy perspective it seems important to support easier collateralization as well as its substitutes of guarantees and relationship lending. The analyses show that more available instruments to deal with risk in emerging markets' lending to poor households really help more. (2) Column (1) includes loans from CB, BAAC, CRED, ML, RELA; Column (2) includes BAAC, CRED, ML, RELA; Column (3) includes BAAC, CRED, ML; Column (4) includes CB and ML. (3) Province dummies are considered. Notes: (1) Standard errors of marginal probabilities in parentheses; * p<0.10; ** p<0.05.
(2) Column (1) includes loans from CB, BAAC, CRED, ML, RELA; Column (2) includes loans from BAAC, CRED, ML, RELA; and Column (3) includes loans from BAAC, CRED, ML. (3) Province dummies are considered.
